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Unless otherwise noted, all figures were created by Southface. Tables   Table 1. These existing homes were unoccupied and in a state of disrepair when the renovations began (see Figure 1 ). Previous occupants had complained of high energy bills, interior moisture issues, and poor indoor air quality. Appendix A contains plans for each type of unit. 
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Overview
When completed at scale like the Fort Benning Indianhead renovation project, upgrades of existing housing offer opportunities to save a significant amount of energy. This project was the first Home Performance with ENERGY STAR (HPwES) project in the nation to use sampling for quality assurance. In this case, the 207 townhome and duplex units included in the project had essentially identical existing conditions given their common history of construction and maintenance. They received a standardized upgrade package including improved building envelope components and new HVAC and domestic hot water (DHW) systems. Given the uniform nature of the project, applying methods from production-scale, new construction, quality assurance approaches-specifically sampling methods for pre and post-renovation inspectionspresented an opportunity to meet the project's energy savings and improvement goals in a costeffective manner.
Southface initially provided quality assurance and administrative support for this project through Clark Realty's involvement with the HPwES program. The energy upgrade package for the project was chosen based on the current Southface HPwES renovation priority list and the energy improvement measures incentivized through the Georgia Power energy efficiency rebate program. As a result, no simulation modeling was completed during the design phase of the project. Southface has completed a post-renovation analysis of the project. This analysis compared the selected measures to those recommended by energy modeling tools and was designed to determine the energy savings achieved by the project, identify any missed energy upgrade opportunities, and evaluate the current structure of the HPwES priority list. Given that incentive programs continue to influence homeowner and developer decisions on which energy upgrade measures to include in a major renovation project, this post-renovation analysis also allows the impact of the rebate program on the chosen measures to be assessed.
The post-renovation simulation analysis also offered an opportunity to evaluate Building America simulation tools and their applicability to attached housing. Current Building America simulation tools, namely Building Energy Optimization (BEopt, E+ version 1.1), do not include options for evaluating attached housing with adiabatic walls or homes with multiple wall types. Alternative approaches include using parallel path analysis to determine a total U-value wall input for BEopt or the use of alternative software packages following the Building America House Simulation Protocols (Hendron & Engebrecht, Building America House Simulation Protocols, 2010) . The comparison of the results from these different approaches highlights current gaps for modeling attached housing.
Goals
Specific goals for the post-renovation analysis for this project included the following:
• Document and estimate the cost of each energy upgrade measure included in the renovation.
• Determine the projected savings over the pre-renovation condition.
• Complete statistical analysis of pre-and post-renovation diagnostic testing results to determine if sampling serves as a valid quality assurance model for large-scale renovation projects of this type.
• Identify gaps and barriers in current Building America modeling tools.
• Compare the structure of Southface's HPwES priority list and the Georgia Power incentive program with energy upgrade packages derived from modeling tools.
The intent of this report is to outline the energy upgrade package implemented in this project and the findings of Southface's post-renovation analysis.
Energy Efficient Solutions Package
Overview
The energy improvement measures implemented as part of this renovation were in large part chosen to bring the project up to current energy code standards, International Energy Conservation Code 2006. 1 Table 2 lists the existing building specifications and chosen energy upgrades for the project. The project's participation in the Southface HPwES program and the availability of energy rebates from the local electric power utility, Georgia Power, also drove the decision process around specific energy improvement measures. Until 2011, Southface administered Georgia Power's residential demand side management and incentives program, which used the structure of the Southface HPwES to award energy upgrade rebates. The program includes training and quality assurance requirements for participating contractors (Clark Realty in this case). Projects participating in the program undergo a comprehensive whole-house audit to assess existing conditions within the homes and establish priorities for energy upgrade measures to be included in renovation work. The priority list shown in Table 3 grades existing conditions based on the audit results, with an "A" priority representing a high opportunity for improvement, a "B" priority representing slightly less of an opportunity, and so on. Southface developed this priority list in 2003 based on experience with existing home renovation projects and the feedback of industry experts. The existing conditions found for the Fort Benning Indianhead Townhomes are highlighted in bold in Table 3 (Southface Energy Institute, 2008). The audit and priority list identified infiltration, duct leakage, attic insulation, and window replacement as high priorities for energy improvements. Additionally, the HVAC and DHW systems were in a poor state of repair and required replacement. Georgia Power also provided the following incentives to the project for specific upgrade measures, totaling $1,200. 
Incentive ($) Requirement 250
Air sealing when priority A or B 100
Duct sealing when priority A or B
200
Attic insulation when priority A or B and when air sealing and sealing of ducts located in attic performed 550
Wall insulation to R-13
100
Install programmable thermostat (allowable models) only when duct sealing and duct insulation performed or not an A or B priority
The incentives offered through the Georgia Power HPwES program and the low cost of electricity available to the project through its association with the Army ($0.06/kWh) drove the decisions on the chosen energy upgrades and the switch from gas to electric for heating and cooking.
Building Enclosure
The thermal boundary for these homes includes a slab-on-grade foundation, exterior walls, and the attic-floor/second-floor ceiling, as well as adiabatic demising walls that separate units (see Figure 3 ). These homes underwent a gut rehabilitation renovation where the existing structure was left in place and all insulation was replaced. 
Foundation and Framing
All homes in the project had slab-on-grade foundations, with some homes having small foundation retaining walls to account for changes in grade. The first-floor exterior walls of these homes were built with 8-in. concrete masonry unit block, with 2 × 4 furred out interior wood framing (see Figure 4) , and the second floor was built with 2 × 4 wood studs. Traditional framing was used for the roof structure to create a vented attic assembly. 
Air Sealing
The pre-renovation inspections identified the following areas as air leakage pathways and prioritized air sealing measures in these areas:
• Attic access doors • Electrical and plumbing penetrations • Baths at exterior walls • Window and door rough openings • Floor and ceiling HVAC penetrations • Sill plate to slab and subfloor at second floor.
Small penetrations were sealed with caulk and expanding foam, and for larger holes, sheet goods (plywood, oriented strand board, sheet metal, or rigid foam board) were used.
Insulation
Existing insulation (fiberglass batts in exterior walls and at the attic ceiling) was removed and replaced with new fiberglass batts that met current energy code insulation requirements of R-13 fiberglass batts in exterior walls and R-30 blown fiberglass insulation in attic ceilings.
Fenestration
The single pane metal framed existing windows (see Figure 5 )were removed and replaced with new vinyl clad low-E glazing units with a low SHGC of -0.24 and a U-value of 0.33 (see Figure  6 ). Rough openings were sealed with expanding foam. The existing HVAC systems, 10-SEER air-conditioning units and 80-AFUE furnaces, were in extreme states of disrepair. In some cases building cavities had been used for air distribution, and furnace flues were not correctly functioning. Completely replacing the HVAC systems and duct distribution systems in each unit alleviated these problems. Air source heat pumps (13 SEER and 8 HSPF) replaced the existing furnaces (see Figure 7) . The units were placed in sealed closets and ductwork was sealed following HPwES protocols. No building cavities were used for air distribution with all runs fully ducted. Existing kitchen range hoods and bath exhaust fans were replaced with new models that vented to the outside.
Domestic Hot Water
New electric storage water heaters (0.94 EF; see Figure 8 ) replaced existing gas-fired units.
Plumbing was replaced or repaired where necessary. 
Lighting and Appliances
Kitchens were outfitted with ENERGY STAR refrigerators and dishwashers. Lighting fixtures were replaced with standard fixtures with incandescent bulbs.
Estimated Cost of Energy Efficiency Solution
Actual cost data were not available for this project, but BEopt's cost library showed an incremental capital cost for the project of $11,230 for the modeled unit. When reduced by the $1,200 local utility rebates earned by the project, the incremental capital cost was approximately $10,030 (Table 5) . The $1,000 annual savings in utility bills shown by the BEopt simulation model ( Figure 9 ) gives a simple payback projection for the project of approximately 10 years. Given that these are rental homes, however, the utility bill savings will immediately benefit the residents. Because the developer is not directly experiencing any benefit from these utility bill savings, monetary, marketing, or other drivers are needed to motivate developers to include energy efficiency measures in rental housing projects. The Fort Benning Indianhead Townhomes renovation project demonstrates the impact of energy efficiency incentives on the developer decision-making process, because Clark Realty would not have engaged with the HPwES program without the incentives from the Georgia Power rebate program. Notes: G, gas; E, electric 
Measure Interactions
Many of the energy efficiency measures incorporated into the renovation package had additional benefits for occupant health and comfort and mitigated existing moisture, mold, and combustion safety risks. Previous occupants had complained of high energy bills, interior moisture issues (see Figure 10) , and poor indoor air quality. The existing ductwork in these homes was in a high state of disrepair and in some cases building cavities had been used as open plenums (see Figure  11 ), introducing moisture and contaminants into the air stream and causing pressure imbalances in the homes. Complete replacement of the ductwork alleviated these issues. Moisture damage was also repaired and the resulting mold growth was removed. Replacing gas furnaces, water heaters, and ranges with electric units also removed potential combustion safety risks from the homes. 
Inputs to Building Energy Optimization Software
Through simulation, BEopt produces a comparison of the pre-to post-renovation conditions. The comparison includes source energy use and equivalent annual energy cost based on energy costs and the costs of the improvement measures, within the limits of the software and cost data. A W-4 end unit was chosen as a worst-case unit for simulation modeling because it had the highest percentage of exposed wall area and the highest window to floor area ratio. A worst-case orientation was also chosen for the simulation modeling with the front of the home facing east and the exterior end wall facing south. Optimization studies for the project were not completed because this simulation analysis occurred after the renovation.
Simulation Results
Energy simulations for the worst case W4 end unit showed a post-renovation source energy savings of 43% over existing conditions. The post-renovation energy simulations included source energy savings analyses and cost-effectiveness comparison. Figure 11 graphically depicts the simulation results. Additional simulations were run to determine the contribution of the individual measures included in the renovation package (refer to Table 2 ). The largest savings came from improved duct and envelope leakage rates, as well as high performance window upgrades. Although the switch to an electric water heater saved money because of the low electric rate ($0.06/kWh) available through the project's connection with Fort Benning, a source energy penalty was incurred with the switch from natural gas.
To input these attached housing units into the BEopt software, a parallel path workaround was used to calculate an average U-value input for the exterior walls based on the different exterior wall types and the adiabatic party walls. Tables 6 and 7 show these calculations for the existing and post-renovation conditions. Table 8 shows the average annual source energy consumption results for both the pre-and postrenovation cases from both software packages. The results agree fairly well, with EnergyGauge USA showing a 46% source energy savings compared to the 43% source energy savings found using the workaround method in BEopt (see Figure 14) . The largest discrepancies arise with the miscellaneous electric, HVAC fan/pump, cooling, large appliance, and miscellaneous natural gas loads. The discrepancy in cooling load is of most concern for this workaround approach. The differences in miscellaneous electric, cooling, large appliance, and miscellaneous natural gas loads can be traced to the changes between the 2008 and 2010 Building America Benchmark and the differences in the modeling software packages used. Based on the outcome of this comparison, the parallel path workaround used appears to present a valid simulation approach that can be used until BEopt is updated to include attached housing units. 
Experiment
Test Plan
A detailed testing plan was presented in Southface's Test Plan outlining simulation comparisons and short-term characterization testing completed to answer the research questions outlined in the next section (Southface Energy Institute, 2011). The focus of this test plan was on short-term testing and analysis. Long-term monitoring is not planned for this project.
Research Questions
This project answered the following research questions:
• What gaps and barriers currently exist in BEopt software for attached housing applications and do planned software updates adequately address these issues?
• Does sampling serve as a valid quality assurance model for large-scale renovation projects of this type? If so, what is the appropriate sampling size?
• How does the cost effectiveness of the energy upgrade measures chosen for this project compare with that of other potential energy upgrades?
• How does the structure of Southface's HPwES priority list and Georgia Power incentive program compare with energy upgrade packages derived from modeling tools?
Technical Approach
The technical approach for this project called for short-term characterization testing to establish pre-renovation conditions and verify the post-renovation whole-house infiltration and duct leakage rates. With guidance from the HPwES program, a sampling approach for this testing was developed. Requirements included the following:
• Pre-renovation testing of each unit type (interior and exterior) until the average of testing results ±1 standard deviation (SD) was completely within one priority range
• Post-renovation testing for all units in pre-renovation test sets, as well as 1/7 of remaining units. Table 9 briefly describes the test methods employed and their purposes. 
Summary
The renovation approach used in this project proved to be a cost-effective approach for implementing energy improvement measures at scale. Implementing a large-scale renovation project for homes of similar vintage and condition using a standard upgrade package has the potential to achieve significant energy savings, projected at greater than 40% in this case. Simulation models showed that the current structure of the Southface HPwES priority list led the project to a fairly optimized package of energy upgrade measures. The Fort Benning Indianhead townhomes renovation project demonstrated the impact of energy efficiency incentives on the developer decision-making process. Clark Realty would not have engaged with the HPwES program without the incentives from the Georgia Power rebate program.
Applying quality assurance methods from production-scale new construction, specifically sampling methods for pre-and post-renovation inspections, presents an opportunity to meet the project's energy savings and improvement goals in a cost-effective manner. For this project 23% of all units underwent a test-in inspection and 29% underwent test-out. The project met its performance goals on all units, reducing infiltration by 0.40 ACH nat and duct leakage to less than 10% of total floor area served in all unit types. Future research efforts could focus on the minimum sampling rate necessary to consistently meet project goals.
The current version of BEopt, BEoptE+ v1.1, does not include options for simulating attached housing types. The parallel path workaround implemented in this project, however, appears to be valid based on modeling results from alternative hourly energy simulation packages that include options for simulating attached housing. Southface plans to further validate the results found using the parallel path workaround once an updated version of BEopt that includes options for simulating attached housing types is released. 
